
Prostate cancer is one of the most
commonly diagnosed malignancies in
males. Surgery and radiotherapy are
primary methods of curative treatment
in patients with this diagnosis. Devel-
opment of technology and long-term
clinical experience enable optimisation
of radiotherapy for all clinical stages of
the disease. The purpose of this paper
is to present general principles of treat-
ment selection and conduct in prostate
cancer patients to doctors who are not
specialists in medical oncology or ra-
diotherapy. If teleradiotherapy (external
beam radiotherapy – EBRT) is used,
ionising radiation is generated outside
the patient’s body, usually with the use
of linear accelerators. Brachytherapy is
the second basic radiotherapy method,
where the source of ionising radiation is
introduced into the tumour or placed in
its direct neighbourhood. The results of
numerous clinical studies indicate that
radiotherapy offers a possibility to cure
patients in various clinical stages of the
disease with a continuously decreasing
rate of serious radiotherapy sequelae.
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py, brachytherapy.
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Introduction

Prostate cancer is one of the most commonly diagnosed malignancies in
males, both in Poland and in other industrialised countries. According to the
Polish National Cancer Register (Krajowy Rejestr Nowotworów) published in
the year 2010, it accounted for 12.6% of newly diagnosed cancers and 7.5%
deaths in Poland [1]. Cancer centres that treat this neoplasm use several treat-
ment methods: surgery (radical prostatectomy, both open and laparoscopic),
teleradiotherapy (external beam radiation therapy – EBRT) and brachythera-
py (irradiation using a source of ionizing radiation placed into the tumour).
Development of the EBRT technology, improvement of interstitial applications’
quality as well as growing clinical experience enable optimisation of radiotherapy
performed in all prostate cancer clinical stages. The purpose of this paper is
to present general principles of qualification for treatment and treatment con-
duct in prostate cancer patients to doctors not specializing in medical or ra-
diation oncology. 

Radiotherapy with use of external beams

In the case of radiotherapy with external beams (teleradiotherapy; EBRT)
the ionising radiation beam is generated outside the patient's body, usually
in a machine called a linear accelerator. The principal mechanism of the ef-
fect of ionising radiation involves direct or indirect damage to the DNA chain
of cancer cells. The cells whose genetic material was damaged lose their abil-
ity to divide and in consequence they undergo apoptotic death. Because of
the presence of normal tissues within the irradiated volume, the dose of ra-
diation necessary to cure a cancer cannot be administered as a single dose.
In radiotherapy, differences in the division rate and ability to repair radiation
damage between cancer cells and normal tissue cells are used. Therefore, the
prescribed radiation dose is administered in the form of several to several tens
of portions called fractions. Preparation of the treatment plan for a given pa-
tient involves definition of target volumes that should receive the prescribed
dose and of critical organs, where the dose administered should be as low
as possible. In the most popular method of prostate cancer radiotherapy – con-
formal three-dimensional EBRT – target volumes and critical organs are de-
fined based on a computed tomography scan performed as the initial stage
of treatment planning. 

External beam radiation therapy versus surgery

In the recent literature, there are no reliable data enabling comparison of
different prostate cancer treatment methods. The consensus of the Nation-
al Institute of Health of 1988, concluding that prostatectomy and EBRT are
equivalent treatment methods with respect to long-term survival [4], is still
valid. However, these methods differ with respect to the toxicity profile. The
decision to use one of these methods is taken based not only on the known
prognostic factors for prostate cancer (baseline prostate-specific antigen [PSA]
level, clinical stage, level or histopathological differentiation according to the
Gleason scale), but also on the patient’s preferences, his performance sta-
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tus, concomitant diseases and life expectancy. The results
of two prospective randomised studies conducted in the
1970s and 1980s, comparing treatment efficacy between
prostatectomy and EBRT, are available [5, 6]. In the study of
Akakura et al. with a 10-year follow-up, slightly better
rates of overall survival, prostate cancer-specific survival and
biochemical or clinical recurrence-free survival (67.9% vs.
60.9%, 85.7% vs. 77.1%, 76.2% vs. 71.1%, 83.5% vs. 66.1%, re-
spectively) were achieved in the prostatectomy group, as com-
pared to the EBRT group. These differences were not sta-
tistically significant. However a statistically significant
difference was found in favour of radiotherapy with respect
to incontinence requiring more than 1 pad per day. In
a study of Paulson et al., radical prostatectomy was associ-
ated with a statistically significant decrease of the biochemical
recurrence rate, clinical recurrence rate and distant metas-
tasis rate, as compared to EBRT. However, unequivocal con-
clusions for clinical practice cannot be drawn due to small
sample sizes in analysed patient groups enrolled in partic-
ular studies, hormonal treatment of some patients, obsolete
irradiation techniques and prescribing of total doses of ion-
ising radiation that are currently considered inadequate. Re-
cent non-randomised single- or multi-centre studies suggest
similar efficacy of prostatectomy and radiotherapy in the treat-
ment of prostate cancer. 2991 patients treated for prostate
cancer clinical stage T1-T2 between 1990 and 1998 were en-
rolled in the most frequently quoted retrospective study con-
ducted by researchers from the M.D. Andersen Cancer
Center in Orlando. In this study, similar efficacy of radical
prostatectomy, low dose rate (LDR) brachytherapy, EBRT with
total doses of > 72 Gy and combined treatment (EBRT plus
LDR brachytherapy) was shown. The proportion of patients
who survived 5 years without biochemical recurrence was
81%, 83%, 81%, and 77%, respectively. Only in the group of
patients irradiated to a total dose lower than 72 Gy were poor-
er treatment results found. Only 51% of patients survived 
5 years without biochemical recurrence [7]. An important as-
pect when comparing radical treatment methods – radio-
therapy and prostatectomy – is treatment-related potency
disturbances. A meta-analysis by Robinson et al. (2002) points
to a higher probability of erection preservation in patients
treated with radiotherapy, as compared to the surgery
group. This probability in the period of 1 year is 0.76 for
brachytherapy, 0.55 for EBRT, 0.34 for “nerve-sparing” prosta-
tectomy, and 0.25 for standard radical prostatectomy [8]. 

External beam radiation therapy techniques

Up to the 1990s, conventional radiotherapy was the tech-
nique most frequently used in the radiation treatment of
prostate cancer patients. In this technique, prostate location
was based on fluoroscopy images. Some defined anatom-
ical reference points were used for correct beam targeting:
pubic symphysis, femoral heads and rectum and bladder filled
with a contrast agent. Additionally, standard size treatment
fields were used – large enough to minimise the risk of ge-
ographical miss resulting from limitations of imaging tech-
niques. This made it necessary to include large volumes of
critical organs adjacent to the prostate (rectum, bladder), as
well as of the small intestine, in the irradiated area. With this

technique, a dose of 65-70 Gy to the prostate was achiev-
able, which is nowadays considered inadequate. Addition-
ally, it was related to a higher rate of radiation-induced com-
plications within critical organs. Despite its significant
drawbacks, the conventional technique enabled satisfactory
treatment results to be achieved. The 10-year prostate can-
cer-specific survival reached the level of 90% for low-grade
adenocarcinoma, 75% for intermediate grade adenocarcinoma
and 50% for high-grade adenocarcinoma. The 5-year bio-
chemical recurrence-free survival, evaluated in more recent
studies when PSA level assessment was introduced into clin-
ical practice, was 85% in patients with baseline PSA < 4 ng/ml,
55% in patients with baseline PSA 4-10 ng/ml, 45% in pa-
tients with baseline PSA 10-20 ng/ml and 15% in patients
with baseline PSA > 20 ng/ml [9]. 

Introduction of computed tomography into the treatment
planning, development of computer planning systems and
advanced technical solutions in linear accelerators completely
changed the face of contemporary teleradiotherapy. At
present, three-dimensional conformal radiotherapy is the stan-
dard technique in the treatment of patients with prostate
cancer. This technique involves a CT scan performed in the
patient to define the area to be treated. Based on this ex-
amination the radiation oncologist defines the so-called tar-
get volumes that should receive the prescribed dose, and crit-
ical organs where the dose should be as low as possible. Most
commonly, the clinical target volume (CTV) includes the
prostate or the prostate with a part of seminal vesicles. A rel-
evant margin is added to the above volume (usually 5 to
15 mm) that accounts for prostate mobility during irradia-
tion and patient positioning inaccuracies during subsequent
treatment fractions. The entire resulting planning target vol-
ume (PTV) should be covered by the prescribed isodose. The
rectum, the bladder, the small intestine and the femoral heads
are the most important critical organs with respect to ra-
diotherapy of prostate cancer. The final radiotherapy treat-
ment plan is prepared in a computer planning system based
on definition of the CTV and PTV volumes, as well as of crit-
ical organs, in subsequent CT slices. Three-dimensional con-
formal radiotherapy enables, to a large extent, adjustment
of the radiation dose distribution to the shape of the target
volume with consideration of irradiated critical organs in the
closest proximity. Owing to this technique, the volume of ir-
radiated critical organs is limited by about 40-50% in com-
parison to the conventional technique [9]. A sample isodose
distribution in a prepared radiotherapy plan and presenta-
tion of the patient’s therapeutic position during irradiation
with a linear accelerator are presented in Figure 1. 

IInntteennssiittyy--mmoodduullaatteedd  rraaddiiaattiioonn  tthheerraappyy  ((IIMMRRTT)) and other
dynamic techniques are associated with change of para-
meters of the radiation beam during its emission. In the IMRT
technique, during a single radiation fraction there is a con-
tinuous change of the shape of the irradiated field. This en-
ables one to obtain practically any spatial dose distribution
within the irradiated volume and thus better protection of
critical organs. In comparison to three-dimensional confor-
mal radiotherapy, IMRT also allows for administration of
a higher radiation dose to the prostate with maintenance of
tolerance doses for critical organs. 
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Despite the fact that more and more refined EBRT tech-
niques are used that enable one to obtain any dose distri-
bution in the irradiated area, there is still the problem of or-
gan motion between subsequent treatment fractions and of
inaccuracies in precisely reproducing patient position on the
treatment couch. IImmaaggee--gguuiiddeedd  rraaddiiaattiioonn  tthheerraappyy  ((IIGGRRTT))  is
an advanced treatment technique that helps to minimise this
problem. It involves various imaging studies in the patient
lying on the therapeutic couch directly before each radiation
fraction and it is gradually becoming a standard in the treat-
ment of prostate cancer patients. IGRT techniques include
ultrasound-guidance systems, organ location with X-ray imag-
ing of markers implanted into the prostate, radiolocation of
special transponders implanted into the prostate, systems
using location computed tomography, and use of markers
placed on the patient’s skin and detected with infrared cam-
eras [10]. Image-guided radiation therapy enables further pro-
tection of critical organs and further dose escalation in the
treated organ. This method is frequently used with other ra-
diotherapy techniques (IMRT, dynamic technologies). 

During the last 10 years, use of ffrraaccttiioonnaatteedd  sstteerreeoottaaccttiicc
rraaddiiootthheerraappyy  in the treatment of prostate cancer patients has
attracted immense interest in radiotherapy circles. Stereo-
tactic radiotherapy involves administration of several high
fraction doses to the prostate region; thus the treatment time
is shortened to several days. To avoid complications within
critical organs, stereotactic radiotherapy is associated with
the necessity of very precise patient immobilisation, use of
image-guided radiotherapy techniques (usually gold mark-
ers implanted into the prostate) and a complicated algorithm
that enable “following” of the tumour location by the radi-
ation beam. Preliminary data analysing acute and late tox-
icity and biochemical recurrence-free survival in patients treat-
ed with this method are very encouraging [11, 12]. 

Contraindications to prostate cancer radiotherapy

Contraindications to prostate cancer radiotherapy include
history of inflammatory diseases of the large bowel (e.g.
Crohn’s disease, ulcerative colitis) and history of pelvic ir-
radiation. Advanced patient’s age and concomitant diseases
affecting the patient’s general condition may constitute rel-
ative contraindications and decisions about radiotherapy are
then taken on a case-by-case basis. 

Interstitial brachytherapy using high dose rate
sources

Brachytherapy is the second basic radiotherapy method,
where the source of ionising radiation is placed in the tumour
(or in the tumour bed) or in its direct neighbourhood. Vari-
ous radioisotopes (e.g. Ir-192, J-125, Co-60, Cs-137, Ru-106 and
others), prepared specially for medical needs, are currently
in clinical use. One of the important advantages of brachyther-
apy is the conformal nature of this treatment which allows
for irradiation of the treated organ to a high total dose with
significant limitation of the dose absorbed by adjacent crit-
ical organs. Brachytherapy methods’ classification is based
on various criteria: the way of application (interstitial, in-
tracavitary, intraductal, superficial), time of source dwelling
in the treated area (temporary, permanent) or dose rate of

FFiigg..  11.. A patient in the therapeutic position during irradiation
with a high-energy linear accelerator, with a sample isodose
distribution in a three-field technique 

the source used (LDR – sources of low dose rate – 0.5-2 Gy/h;
MDR – sources of medium dose rate – 2-12 Gy/h and HDR
– sources of high dose rate – above 12 Gy/h). Advances in
imaging and image reconstruction and thus in precise def-
inition of target volumes (US, CT, MRI), introduction of the
“stepping source” technique and afterloading into clinical prac-
tice as well as use of computer treatment planning and dose
distribution optimization systems have all contributed to mod-
ernisation and popularisation of this field of oncology. In-
terstitial HDR brachytherapy is used in the treatment of
prostate cancer both alone and in combination with EBRT
[13]. Criteria of patient qualification for HDR brachytherapy
alone or for combined radiotherapy differ in various proto-
cols adopted by cancer centres. The recommendations of the
American Brachytherapy Society (ABS) limit the use of
HDR brachytherapy alone to low stage cases with favourable
prognostic factors (clinical stage T1-2a, PSA level up to 
10 mg/ml, Gleason score not higher than 6) [14]. The tech-
nique of the interstitial brachytherapy procedure is based on
ultrasound imaging (transrectal ultrasound, TRUS) of the
prostate. The application is usually conducted under sub-
arachnoid anaesthesia, in the operating theatre setting. Imag-
ing of the organ is integrated with a real time computer treat-
ment planning system and allows for precise planning of both
the number and location of interstitial guiding needles in-
troduced transperineally, that constitute channels for source
pass or, as in the LDR technique, a channel for introduction
of permanent implants [13-16]. Particular stages of guiding
needle implantation and irradiation and presentation of a fi-
nal treatment plan are shown in Figures 2, 3 and 4.
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Low dose rate interstitial brachytherapy 
– permanent implants

Seeds containing J-125 are currently the most popular ra-
dioactive sources used for permanent applications. It is 
a β and γ radiation emitter with a clinically and biologically
favourable half-life. The following patients are qualified for
interstitial treatment with low dose rate sources: early stage
prostate cancer without unfavourable risk factors of local re-
currence of the disease and distant metastasis – clinical stage
T1a, T1b, T1c, T2a N0M0, Gleason score up to 6, PSA level 
10 ng/ml. Prostate volume determined in TRUS examination
should not exceed 50 ml. Contraindications to prostate ir-
radiation with the above method, besides clinical factors, is
location of part of the organ behind the pubic symphysis,
which prevents appropriate application of guiding needles
with the sources; status post the TURP procedure with
a wedge resection of periurethral parts of the prostate; life
expectancy less than 5 years; patient refusal to undergo the
suggested treatment; other serious concomitant disease pre-
cluding anaesthesia or appropriate patient positioning in the
therapeutic position, with abduction and flexion of the low-
er limbs at the hip joints; and a history of pelvic radiother-

apy [9]. Technically, the procedure of implantation of seeds
with radioactive sources is similar to the HDR technique. The
most common procedure-related complications are haema-
turia and acute urinary retention resulting from prostate
swelling and requiring urinary catheter insertion. In the
analysed groups of patients, the rate of these complications
does not exceed 10% [17]. Acute and late radiation-induced
reactions are presented in Table 1.

Combined radical radiotherapy

Clinical observations suggest that local failure is the main
cause of radiotherapy failure in the treatment of prostate can-
cer [18-20]. This resulted in introduction of treatment pro-
tocols escalating the total dose of ionising radiation into clin-
ical practice. One method of local dose escalation is
combination of EBRT and interstitial brachytherapy. The re-
sults of studies on total dose escalation by combining EBRT
and HDR brachytherapy have shown that such combination
has an effect on increase of the local cure rate, prolongation
of the time to biochemical recurrence and overall survival
[21-23]. IRPCa patients (with intermediate risk of local re-
currence) and HRPCa patients (with high risk of local re-
currence) (>T2a; PSA > 10 ng/ml; histopathological grade
above 6 according to the Gleason scoring system) have par-
ticular benefit from this treatment method [24, 25].

In 2005, the European Brachytherapy Group (GEC/ESTRO)
and the European Urology Society (EAU) developed common
criteria of patients’ qualification for combined radiotherapy.
According to these criteria, the candidates for combined ra-
diotherapy are patients with local stage T1b-T3b, with any
Gleason score, with baseline PSA above 50 ng/ml, and with
no distant metastases. As contraindications, the following
are listed: life expectancy lower than 5 years, involvement
of the external sphincter of the bladder neck, and presence
of cancer metastases in regional lymph nodes or of distant
metastases. Additionally, as relative contraindications, the
following are considered: prostate volume above 60 ml, his-
tory of partial transurethral prostate resection within 6 months
before the treatment, the distance between the rectal wall
and prostate capsule below 5 mm in TRUS, serious symptoms
of infravesical obstruction, technically impossible implantation
(pubic symphysis) or problems with patient positioning in

FFiigg..  22..  TRUS-guided implantation of guiding needles containing
seeds of radioactive J-125 

FFiigg..  33..  HDR technique. Interstitial guiding needles connected with
connecting channels with the HDR machine

FFiigg..  44.. Radiotherapy plan prepared in a computer treatment plan-
ning system – the LDR technique 

współczesna onkologia/contemporary oncology 



332211Prostate cancer radiotherapy

a “gynaecological” position (e.g. coxarthrosis), and anaes-
thesiological contraindications.

Radiation-induced complications

Radiation-induced complications resulting from reaction
of tissues to the ionising radiation affect both the prostate
itself and the neighbouring organs, first of all the rectum
and the bladder. The most common clinical symptoms are
the following: frequent urination, urgency, urinary incon-
tinence, haematuria and pain, both urination-related and
spontaneous. Their severity is related, among other things,
to the total dose administered, use of increased fraction dos-

es in the treatment regimen and large volume of the irra-
diated tissue block. Within the post-treatment follow-up both
the so-called acute (during radiotherapy and up to three
months after its completion) and late (above 90 days from
radiotherapy completion) radiation-induced reactions are as-
sessed. Their qualitative and quantitative severity is grad-
ed from 0 to 4. The symptoms of acute and late radiation-
induced reactions within the urinary system by severity grade
are presented in Table 1.

Current recommendations concerning the role of radia-
tion therapy in treatment of subsequent risk groups of pro-
state cancer patients are summarized in Table 2.

TTaabbllee  22..  Radical radiotherapy in the low, intermediate and high local recurrence risk groups according to the guidelines of the Natio-
nal Comprehensive Cancer Network (NCCN)

GGrroouupp GGrroouupp  cchhaarraacctteerriissttiiccss  aaccccoorrddiinngg  ttoo  tthhee  NNCCCCNN  SSuuggggeesstteedd  ttrreeaattmmeenntt  rreeggiimmeenn  iinncclluuddiinngg  rraaddiiootthheerraappyy

Low risk of local Clinical stage T1-T2a and Gleason score Conformal or IMRT 3D radiotherapy, using IGRT techniques, with
recurrence ≤ 6 and PSA level < 10 ng/ml total dose escalation to a level of > 74 Gy (e.g. brachytherapy),

without pelvic nodal irradiation, without hormone therapy, 
or
LDR brachytherapy (seeds), optionally with a 3-month 
neoadjuvant hormonal blockade

Intermediate risk Clinical stage T2b-T2c or Gleason score 7 Conformal or IMRT 3D radiotherapy, using IGRT techniques,
of local recurrence or PSA level 10-20 ng/ml with dose escalation up to 76-80 Gy (e.g. brachytherapy), 

with 4-6-month hormonal blockade; pelvic nodal irradiation may
be considered

High risk of local Clinical stage T3a or Gleason score 8-10 Conformal or IMRT 3D radiotherapy, using IGRT techniques,
recurrence or PSA level > 20 ng/ml with dose escalation up to 76-80 Gy (e.g. brachytherapy), 

with 2-3-year hormonal blockade, with pelvic nodal irradiation

TTaabbllee  11..  Grading of acute and late urinary system radiation-induced reactions

AAccuuttee  rraaddiiaattiioonn--iinndduucceedd  rreeaaccttiioonnss  LLaattee  rraaddiiaattiioonn--iinndduucceedd  rreeaaccttiioonnss  aaccccoorrddiinngg  ttoo  tthhee
aaccccoorrddiinngg  ttoo  tthhee  EEOORRTTCC  ssccaallee RRTTOOGG//SSOOMMAA  ssccaallee

I. Micturition and nycturia are twice as frequent Episodes of urinary incontinence occur less frequently than once a week.
as before the treatment. Nocturnal micturition is reported by the patient up to two times per night.
The patient reports painful or difficult urination Microscopic haematuria is found.
and/or urgency. Minor mucosal atrophy and single telangiectasias are found on cystoscopy.

II. Micturition and nocturnal micturition at Episodes of urinary incontinence occur less frequently than once a day.
one-hour intervals. The patient reports nycturia of a higher frequency than twice per night.
Painful or difficult urination and/or urgency Generalized mucosal telangiectasias are found in the bladder on cystoscopy.
severity requires NSAID prescription. Gross haematuria appears periodically. The patient requires non-steroidal 

analgesics.

III. Micturition and nocturnal micturition more frequent The patient reports permanent urinary incontinence.
than every hour. Hourly nycturia, procedures of urinary duct widening are necessary.
Painful or difficult urination and urgency severity Bladder capacity decrease below 150 ml is recorded in urodynamic tests. 
requiring prescription of narcotic analgesics. Haematuria severity needs blood transfusions. Genitourinary fistulas are
Gross haematuria is found. found on clinical examination.

The patient requires narcotic analgesics.

IV. Symptoms as above. Due to major stenosis of urinary ducts there is a need of permanent
Haematuria requiring blood transfusion. catheterisation or cystectomy.
Ulceration or necrosis of the bladder or rectal wall Severe haemorrhagic inflammation or ulceration of the bladder mucosa
is diagnosed. requires permanent catheterization or cystectomy. 
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